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ABSTRACT 
The introduction of livestock to the vast majority of public lands may be used 
to simulate the conditions provided by herbivorous grazers in the past, however little 
data has been collected on the effects of livestock grazing in Sonoran desert 
habitats. Vegetative species that are characteristic of the Arizona Upland subdivision 
of the Sonoran desert did not evolve with extensive grazing by large ungulate 
populations, and therefore the response to livestock grazing is of particular interest. 
Four historic Parker 3-step clusters in south-central Arizona were sampled in three 
cohorts between 1953 and 2016 to interpret changes in rangeland health using soil 
coverage data, species richness and frequency, and long-term photo point 
comparisons. Cattle grazing was active across the allotment until 1984, allowing 
approximately 30 years of rest before the third and final cohort was measured. Over 
the entirety of this study, there was a 66.67% increase in perennial basal hits, a 
56.29% increase in rock, and a 44.55% increase of forage basal hits. Decreases 
were seen in litter (-57.69%) and bare soil hits (-8.76%). Cluster 3 consistently had 
a lower percent of cover across all classes of vegetation in the 2014 cohort  
(-81.61%), however the average percent of cover increased by 63.16% (40 hits) 
across the allotment. Available species richness data from 1971 and 2014 cohorts 
indicates a 112% increase in unique species; however, species richness increases in 
the 2014 cohort are largely based on recruitment of non-palatable species (71%). 
Although the status of some species were undetermined, all individuals identified to 
species in the invader class (non-palatable) were determined to be native to the 
study site. Perennial grass frequency became less abundant over the duration of this 
study, while growth was predominantly observed in shrubs. Increases in species 
frequency was detected on two of the four clusters measured in the 2014 cohort; the 
growth was primarily observed in jojoba (Simmondsia chinensis), oak (Quercus 
ii 
 
spp.), and catclaw acacia (Senegalia greggii) in C4, and hopseed bush (Dodonaea 
viscosa) in C2.  
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INTRODUCTION 
Many Sonoran Desert plant species are adapted to endure chronic droughts 
with various mechanisms that allow water retention, dormancy, or annual growth 
patterns (Dimmit 1985). Although these adaptions allow native species to survive in 
highly variable climatic conditions, little research is available to suggest the effects 
that livestock grazing has had on desert shrubs and succulents. Unlike the central 
Great Plains of the United States where a long-term evolutionary history of grazing 
has been documented (Milchunans 2006), the Sonoran desert’s floral community 
assemblages are of recent origin and the long-term evolutionary relationship with 
large mammalian ungulates is dependent on the interpretation of fossil records in 
such areas (Hall et al. 2005). Bison (Bison bison) remains have been found in 
Sonoran desert communities at late prehistoric sites, however these populations 
were thought to be rare (Truett 1996).  
The Arizona Upland subdivision of the Sonoran desert is the focus of this 
study, and may be referred to as the crassicaulescent or stem succulent desert 
because of the importance of cacti species to the surrounding biota (Shreve and 
Wiggins 1951). The broad objectives brought forward in this study are to analyze 
and compare historical range condition records on the Superstition grazing allotment 
in the Arizona Upland subdivision of the Tonto National Forest to the most recent 
records taken approximately 30 years after grazing permits were ceased.  
The four desert types found in North America are the Great Basin Desert, 
Mojave Desert, Sonoran Desert, and Chihuahua Desert (Shreve 1942). The Sonoran 
Desert can be further broken down into subdivisions (Figure 1), and while studies 
have evaluated effects of grazing on semi-arid or other southwestern rangelands, 
few have studied the effects on the Sonoran desertscrub community found in the 
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Arizona Upland subdivision. Similar study sites may have comparable climatic 
conditions, such as average annual rainfall or temperatures, but they fail to account 
for the differences in timing and intensity of such variables (Brown 1994).  
 
Figure 1. Northern Sonoran desert regions. Dark-shaded areas indicate Arizona 
Upland Subdivision; lighter-shaded areas indicate the Lower Colorado River 
Subdivision (McAuliffe and Van Devender 1998). 
A study was completed on a protected desert grassland range in southern 
Arizona; the control site was compared to an adjacent site with heavy grazing use in 
order to determine the efficacy of protected rangelands when other treatments were 
not used to make improvements toward ecological succession (Smith and Schmutz 
1975). The assessment concluded that while the sites showed signs of both 
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improvement and deterioration from desired climax conditions, the protected range 
was in overall better health and had shown signs indicative of an intermediate range 
condition with continual improvements. However, this illustration only strengthens 
the conclusions reached by Holechek (1999) that improper-stocking rates may lead 
to overutilization and ultimately impair the rangelands ability to meet its climax 
potential. 
Wildlife Grazing 
After the extinction of the late Pleistocene megafauna in the southwest, the 
large herbivore species were survived by smaller nomadic herbivores. The existing 
herbivores include pronghorn (Antilocapra americana) and mule deer (Odocoileus 
hemionus), which are well adapted to the variable production, both spatially and 
temporally, across the Sonoran Desert. Their nomadic lifestyle contrasts the 
traditional domestic livestock practices that often include concentrating herds 
spatially and temporally within boundaries (Hall et al. 2005). 
Milchunans (2006) reported that forage use by deer in the Sonoran Desert 
consisted of cactus fruits, catclaw acacia (Senegalia greggii), false mesquite leaves 
(Calliandra eriophylla), mesquite beans (Prosopis spp.), mistletoe (Phoradendron), 
and Wright’s buckwheat (Eriognoum wrightii). Milchunans investigation also found 
that while grazing did not largely influence components of any of the major woody 
species it did have a more noticeable impact on smaller species and those that were 
less abundant. Cattle are opportunistic feeders within the Sonoran Desert (Hall et al. 
2005), as their feeding behavior changes in response to the characteristics of the 
site. 
Cattle Grazing 
Cattle grazing is a controversial management practice used by multiple 
entities on public land (Holechek 2001). Opponents believe it is not an opportune use 
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of public lands while proponents fight to uphold the integrity behind the Multiple Use 
and Sustained Yield Act (USFS 1960). Bison remains have been found as far west as 
central Arizona (Truett 1996), however, with the exception of the eastern edge of 
New Mexico, there is generally no long-term evolutionary history of grazing by large 
ungulates in the southwest (Milchunans 2006).  
As suggested by Brown and McDonald (1995), the effects of livestock grazing 
on public lands is far less harmful to the natural ecosystem than tillage agriculture 
because pastoralism practices reduce the need for large inputs of fossil fuel energy, 
fertilizers, and irrigation. Livestock grazing allows land managers to uphold the 
integrity of the Multiple Use and Sustained Yield Act while maintaining semi natural 
ecosystems that benefit both domestic livestock and the surrounding rangelands by 
restoring degraded ecosystems back to their climax potential.  
While overgrazing is defined as degradation of plant and soil resources due to 
disproportionate use by herbivores, the severity of grazing is often misconstrued 
because there is not a clear demarcation between appropriate use and overgrazing 
across different life zones (Singer 1996). In a synopsis of several long term grazing 
studies across native North American rangelands, Holechek (1999) found that a 
conservative stocking rate of 35% maximizes forage production, livestock 
production, financial returns, and increases range trends. Additionally, the impacts 
that result from grazing are highly dependent on time of year, which species are 
grazed, and the percentage of aboveground mass that is utilized (Martin and Cable 
1974).  
Cattle are considered grazers as their diet consists mainly of grasses. 
However, in some cases cattle may resort to browsing when primary grasses are not 
available. Some cows may forage mainly on browse species because they are the 
most reliable plant material that is available year-round in the Sonoran Desert, even 
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if perennial grasses are the preferred forage. Regardless of herbivore species, many 
factors involved in the recovery process are site specific, in order to identify 
overgrazing, there must be an understanding of the responses and interactions 
between available resources and herbivory at a local scale. These interactions must 
be measured over time as they are depicted by both short and long-term data.  
Plant Adaptions 
The ecological response to grazing in Sonoran desert habitats may differ from 
rangelands with historically heavy grazing by large ungulates; however, this does not 
assume that some Sonoran desert species will not benefit from grazing. The effect of 
biomass removal on a plant is variable across individual rangelands. Some species 
may be more sensitive to damage from grazing because either they lack physical 
protection from herbivores, or they lack the ability to regrow (Hall et al. 2005). A 
Sonoran desert shrub species that has shown measurable signs of compensatory 
growth is jojoba (Simmondsia chinensis) (Roundy and Ruyle 1989). After defoliation, 
it can regrow twigs from lateral or apical buds, creating similar net increases in twig 
length and biomass in both grazed and ungrazed shrubs. However, the presence and 
extent of compensatory growth has been a highly debated topic. The controversy has 
been ongoing, as many authors in the debate are not arguing the same issues. For 
example, Belsky (1986) states that there is no convincing evidence to support the 
theory of the potential benefits of herbivory on grazed plants. This argument is 
highly based on an evolutionary perspective, which narrows its conclusion to reject 
the coevolution of mutualistic relationships of herbivore-plant interactions. 
Superstition Allotment  
Important forage species for cattle on the Superstition allotment include curly 
mesquite (Hilaria belangeri), Mountain Mahogany (Cercocarpus montanus), ephedra 
(Ephedra spp.), and jojoba (Simmondsia chinensis), with the latter being by far the 
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most important to their diet (USFS 1980). Studies measuring forage production and 
utilization on the Superstition Allotment in the early 1980s found that 70% of the 
livestock grazing was taking place on less than 8% of the allotment, resulting in a 
few areas of high livestock congregation. The areas of high congregation included 
riparian areas, which lined themselves along the lowermost portion of several major 
canyons. Concern for native wildlife species increased upon discovering the severe 
over use of riparian areas. An evaluation of wildlife habitat in 1982 found that wildlife 
species dependent on riparian habitat were in fact being impacted negatively, and in 
this instance, improved livestock management systems would not improve range 
conditions within the allotment. The Farmers Home Administration (FmHA) acquired 
ownership of the base property in 1986 after foreclosing on the previous grazing 
permittee. The USFS and FmHA decided in unison to revert the grazing back to the 
Forest Service where the forest supervisor then cancelled the term permit on the 
Superstition allotment. 
Objectives 
In this study, I evaluated the effects of livestock grazing in a Sonoran 
desertscrub grazing allotment over a 63-year period. The primary objectives were to 
1) interpret range trend using soil coverage data and composition estimates, and 2) 
compare range trend using photographs. Using sets of valuable historical data, I 
assessed long-term changes in species presence, vegetative cover, soil coverage, 
and matched photo points across four sites in arid desert rangelands.  
METHODS 
Study Area 
The Superstition allotment is on the Mesa district of the Tonto National Forest, 
and it is split laterally between Maricopa and Pinal Counties (Figure 2). The study 
area encompasses 23,384 hectares in the Arizona Upland subdivision (USFS 1984), 
further referenced as the upper Sonoran desert. The terrain includes hills and 
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canyons, which provide a richness of microhabitats with different aspects and shade 
coverage. It is bounded by U.S. Highway 60 to the south, Bush Highway and Loop 
202 to the west, and Canyon Lake on its northern boundary. The allotment became 
inactive in 1985 and remains closed to grazing. During the active grazing period, no 
pasture divisions were employed to divide the allotment, which was utilized year 
round by livestock. Breeding herds ranged from 696 cattle in 1937 to 200 in 1971. 
There are 9,136 hectares of non-range land that were not available to cattle due to 
steepness of slopes and rock outcrops, thus eliminating them from the grazing 
capacity estimates. Therefore, the total net grazing area in the allotment was 14,248 
hectares.  
 
Figure 2. Location of the Superstition Grazing Allotment within the Tonto National 
Forest in Arizona. 
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Figure 3. Location of clusters and biotic communities on the Superstition Allotment 
within the Tonto National Forest in Mesa, Arizona. 
 
The allotment has vegetation characteristic of the Arizona Upland subdivision 
as well as species associated with interior chaparral communities dispersed at higher 
elevations (Figure 3). Important grass species across all clusters were silver 
bluestem (Bothriochloa saccharoides.), sideoats grama (Bouteloua curtipendula), 
hairy grama (Bouteloua hirsuta), plains lovegrass (Eragrostis intermedia), curly 
mesquite (Hilaria belangeri), and green sprangletop (Leptochloa dubia). The key 
browse species included false mesquite (Calliandra eriophylla), desert ceanothus 
(Ceanothus greggii), mahogany (Cercocarpus montanus), ephedra (Ephedra spp.), 
ratany (Krameria erecta.), menodora (Menodora spp.), mesquite (Prosopis), hollyleaf 
buckthorn (Rhamus crocea), and jojoba (Simmondsia chinensis). The greatest 
fluctuation of species occurs with annuals due to yearly weather patterns. The 
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common annuals seen throughout the allotment were fiddleneck (Amsinckia 
menziesii.), fox-tail (Alopecurus spp.), red brome (Bromus rubens), filaree (Erodium 
cicutarium), goldentop (Lamarckia aurea), Indian wheat (Plantago ovata), and 
schismus (Schismus arabicus). Overall, the primary livestock forage consisted of 
Jojoba and Curly Mesquite (USFS 1984).  
 
Figure 4. Landscape view near C1 (top) in Sonoran desert biotic community. C4 
(bottom) in interior chaparral biotic community   
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Elevations range from 488 m at Canyon Lake to 1541 m at the top of 
Superstition Mountain. The Superstition Mountain range has loosely circular craters 
due to super volcano activity millions of years ago. These craters are considered 
cauldrons because of their sub circular volcanic collapses where erosion has erased 
their distinctive topographic expression (Sheridan 1978). Each collapse structure has 
varying physical features caused by the different volcanic episodes that occurred 
roughly between 15 and 29 million years ago. The Superstition cauldron structure 
displays broad domes with central grabens, which were formed by the arching of a 
thick segment of welded tuff. The topographic rim of the Tortilla caldera structure, 
crowned with rhyolite lava, houses the lahar filled arcuate grabens that fashion its 
distinct outlines. Thin vegetative cover results in little organic matter residuals, 
which consequently lowers the percentages of humus seen in these soils (Shreve and 
Wiggins 1951). Shallow, well-aerated soils develop on intermediate igneous parent 
material, with a well-developed layer of gravel cover (NRCS 2007). 
The summer monsoon season, also referred to as the growing season, in the 
Sonoran desert typically occurs from July until September (Shreve and Wiggins 
1951). It is the main growing period for larger trees and shrubs. Precipitation 
becomes far less frequent in October and November, while intermittent storms begin 
to pick up from December to February. Spring brings warmer temperatures and light 
precipitation, but as the fore-summer season begins in May and June, temperatures 
increase rapidly, but often times with no recordable precipitation. Since 1950, the 
average precipitation recorded during monsoon season at the Mormon Flat Dam was 
4.3 inches (July-September), and the yearly mean of rainfall was 12.9 inches 
(Appendix H-1). On average, 8.6 inches of precipitation falls outside of monsoon 
season. 
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Study Design 
I used four historical Parker 3-Step clusters established by the USFS in 1953 as 
my study sites. The Parker 3-Step method is a measuring practice that provides a 
permanent location to measure range trend. The locations of the clusters were 
determined to be in key areas of the allotment by USFS personnel in the 1950s, 
(Figure 3), and repeated measurements of permanently established transects at 
periodic intervals were used to substantiate the long-term trend and changes in 
conditions of vegetation and soil stability at the specified cluster site (Parker 1951). 
The key areas consisted of locations where livestock utilized the majority of their 
forage and where changes in condition and/or trend first became apparent.  
The three steps required for successful implementation include: 
1. Installation of permanent transect stakes placed within a key study area.  
2. Summarization of data using scorecards. 
3. Close up and landscape photography from designated photo points. 
A Parker 3-Step Cluster may consist of one, two, or three transects within a 
particular site. Each transect consists of three angle irons placed at the 0, 50.5, and 
100.5 foot marks respectively. A 100-foot tape was laid out to the left side of the 
three angle irons, and a folding ruler was used to make a 3’ x 3’ box at the 3.5’ to 
6.5’ marks along the tape. The entirety of the cluster should remain within the same 
life zone and vegetation types. The arrangement should ensure that the transects do 
not overlap, therefore a minimum of 50 feet should be between transects (Figure 5). 
Protocol for the Parker 3-Step may be further referenced in The Range Analysis and 
Management Handbook produced by the United States Forest Service in 1998 (USFS 
1998). 
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Figure 5. Sample Transect Design and Arrangement. Sample transect design (top); 
completed three times in one cluster. A sample arrangement of transects (bottom). 
Field Data Collection 
Forest Service personnel completed previous monitoring at the various 
clusters in 1953, 1954, 1971, 1972, and 1980 (Appendix A-3). Clusters 1, 2, and 4 
were measured in 2016, and cluster 3 was measured in 2014. The historical data 
was compiled and reevaluated with the latest USFS guidelines and score sheets in 
order to reduce inconsistencies within the scoring process (USFS 1998). The data 
was separated into three cohorts based on the year it was collected (Table 1). The 
cohorts included measurements from each of the four clusters, taken within two 
years of each other, with the exception of the second cohort. Clusters in the 1971 
cohort were read in 1971, 1972, and 1980, accordingly with table 1. All 
measurements in cohorts one and two were taken while the grazing permit was 
active, while the 2014 cohort was measured after grazing ceased.  
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Table 1. The three cohorts organized by dates measured. 
 
At each location, a close up photo and a landscape photo were taken from the 
0-foot angle iron. The close up photo encompassed the entire 3’ x 3’ box at the start 
of the transect (Appendix L). The landscape photo captures a view of the 
surrounding scenery, as well as the general vegetation composition at the site. 
Several sets of matched photographs were used to visually compare changes at close 
up and landscape perspectives.  
All perennial species within the 3’ x 3’ box were sketched on the back of the 
data form (Appendix A-2) which included overhanging vegetation, rocks, and other 
noteworthy features. All perennial species located within 25 feet of either side of the 
transect were also recorded on the form (Figure 6) as well as ground cover that fell 
within the ¾” loop to the right side of the tape at every foot (Appendix A-1). 
Categories of ground cover included: bare soil, litter, rock, basal, or overstory 
(Appendix B). The closest perennial species within a 180° arc in the direction of the 
99.5 foot stake were noted without recording the same plant multiple times. If the 
ground cover was a basal hit on a perennial species, it was not necessary to locate 
the nearest perennial. While the Parker 3-Step may note the presence of annuals 
within the cluster as a whole, annuals were not to be recorded as basal hits.  
Cohort 1 Cohort 2 Cohort 3
1953 Cohort 1971 Cohort 2014 Cohort
C1 1/14/1953 C1 10/8/1971 C1 11/5/2016
C2 1/28/1954 C2 3/28/1980 C2 5/18/2016
C3 2/3/1954 C3 1/30/1980 C3 4/11/2014
C4 2/11/1954 C4 3/30/1972 C4 4/4/2016
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Figure 6. 150’ x 50’ Samplin Block Design. All perennial species located within a 150’ 
x 50’ block must be recorded on data sheet. 
Overstory cover was noted when a perennial shrub or tree was encountered 
within 4.5 feet above the loop. Succulent species were also considered canopy cover 
starting in 1971, although this is not specifically noted in the original protocol.  Data 
collection procedures prior to 1971 varied slightly from the traditional methods. An 
abbreviated form of the Parker 3-Step was used which accelerated the measurement 
process. In order to provide quicker readings, the recorders did not account for 
canopy cover across the transects. Therefore, only loop measurements of ground 
cover and hits were recorded, and future canopy cover analyses in this study exclude 
data recorded from 1953 to 1954. However, the remaining Parker 3-Step factors 
were measured consistently with the current protocol. 
Vegetation species were separated into three statuses based on how they 
respond to grazing pressure: Increasers, decreasers, or invaders (Frost et al. 2012). 
Increasers and decreasers are summed in the final stage of the Parker 3-Step in 
order to calculate the composition at the respective site. Additionally, an ocular 
examination of overall soil condition was conducted based on the main trends seen 
along individual transects. The last factor measured at each site was vigor. The vigor 
species were predetermined as one or two major forage grasses abundant on the 
transect, and were recorded every 10 feet. This was completed by measuring the 
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length of the longest leaf on the grass and recording this in the vigor column of the 
form for the respective species. However, dependent on the condition of the range, 
there may be no perennial grasses available to conduct vigor measurements. An in 
depth addendum describing the calculations of range trend scores in the summary 
sheet is cited in Appendix B. 
Statistical Analyses 
The data were separated into three cohorts based on the years collected 
(Table 1). To asses significant changes in variables over time, the paired-sample  
t-test was executed (Kraszewski and Waller 2008) between cohorts one and two, two 
and three, and one and three (Table 2).  This data considers p ≤ 0.05 to be 
significant. Measurements for normality were taken using the Shapiro-Wilk Test 
(Appendix E) to check for normal distribution on data used in a paired-sample t-test. 
Square root transformations were used when assumptions of normal distribution 
were not met (Appendix E-4). All statistical analyses were completed using Statistical 
Package for the Social Sciences 24 (SPSS 24).  
Because the cohorts bundle both upper Sonoran desert and interior chaparral 
life zones into the same analysis, a preliminary paired-samples t-test was run on the 
difference of means within individual biotic communities (Table 3; Table 4) to 
determine if life zones played a role in yielding significant values on canopy and 
ground cover. The paired-sample t-test was also used across all cohorts to test if the 
mean difference between measured years was statistically significant. The variables 
analyzed in both of the aforementioned tests were canopy cover, all perennial hits, 
rock, litter, bare soil, and hits on forage species (Appendix B).  
I analyzed fluctuations in ground cover variables, species diversity, and 
composition using raw data comparisons. The unstandardized difference of means 
was used for forage species hits when comparing raw data (Table 5). Visual 
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inspection of data used in these analyses included 300 ground cover points that 
consisted of loop hits and nearest perennial species taken at each cluster for every 
year measured, with the exception of C2 in 2016, which only had 100. Due to the 
missing data in C2, mean ground cover data across clusters were used in the paired-
samples t-test.  
RESULTS 
Soil Coverage 
Soil coverage data obtained for analysis includes canopy cover, all perennial 
hits, rock, litter, bare soil, and hits on forage species (Appendix B). The mean values 
within the three transects at each cluster were computed, and then summed and 
compared across the cohorts. Comparisons of the 1953 cohort to the 1971 cohort 
across the allotment (Table 2) showed an increase of 19 hits on all perennial species 
(42.22%), 1 rock hit (0.94%), and 65 bare hits (58.91%); In contrast, litter hits 
decreased by 85 hits (-61.30%). From the 1971 cohort to the 2014 cohort, canopy 
cover increased by 40 hits (63.00%), perennial basal hits increased by 11 (17.19%), 
rock increased by 58.67 hits (54.83%), litter increased by 5 hits (9.32%) and 
unstandardized forage hits increased by 16.67 hits (52.08%). There was a 74.67 hit 
decrease on bare soil (-42.59%). Over the entirety of this study there was an 
increase of 30 perennial basal hits (66.67%), 14.92 rock hits (56.29%), and 15 
forage species hits (44.55%), and decreases were observed in both litter (-80 hits;-
57.69%) and bare (-9.67 hits;-8.76%). However, due to low sample size, there was 
little significance to these findings.  
The Shapiro-Wilk Test (Appendix E-1) returned normal distribution on all 
factors except hits on forage species (p = 0.032). The square root transformation 
was completed to normalize forage hits data (p =.507) (Appendix E-4). Results from 
the paired-samples t-test found that the only variable which produced a significant 
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difference was hits on litter (p = 0.020) from the 1953 cohort to the 1971 cohort. In 
this instance, average litter hits decreased by approximately 85 hits (-61.30%). 
Comparison of cohorts respective to life zone reveals that the there was a significant 
difference of means seen in bare soil between the 1953 and 1971 cohorts in clusters 
located in Arizona Upland desert habitat (Table 4).  In C1 and C3, bare soil hits 
increased significantly (p= 0.042) by 35 points (63.64%) from the 1953 to 1971 
cohort. While a similar increase was found in C2 and C4 (30 hits; 54.22%) (Table 3), 
there was no significance (p= 0.500). Additionally, the basal hits in the Upper 
Sonoran desert community between the 1971 and 2014 cohorts were very close to 
the significance threshold (p=0.053); this was the result of a loss of 24 perennial 
basal hits (-62.61%) over time. 
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Table 2. Soil coverage results from paired-sample t-test for significant difference of 
means. The mean differences between variables within the corresponding cohorts are 
reported along with standard deviation, standard error, and significance values. 
 
Canopy Cover 
Data collected in 1953 and 1954 did not include canopy cover; therefore, 
comparisons in vegetative canopy cover are only noted in the data after 1954. Basal 
interceptions were considered cover in addition to overhanging vegetation for this 
analysis. Mean shrub and tree cover increased in all clusters except for C3 over time 
(Table 6). In clusters where shrub cover was recorded, increases ranged from 4-25 
hits dependent on cluster. The largest average increases across the allotment were 
seen in oak (11.33 hits) in C4, and jojoba (10.67 hits) in C2 (Table 7). Only four 
species contributed to tree cover across the allotment; Yellow Palo Verde 
(Parkinsonia microphylla) and catclaw acacia were the dominant species (Table 
Cohort 2-1
HitsAll2 - HitsAll1 4.760 11.290 5.645 0.461
Rock2 - Rock1 0.325 14.584 7.292 0.967
Litter2 - Litter1 -21.245 9.294 4.647 0.020
Bare2 - Bare1 16.250 12.369 6.185 0.078
SqRtFor2 - SqRtFor1 0.008 1.253 0.627 0.991
Cohort 3-2
Canopy3 - Canopy2 10.075 16.957 8.478 0.320
Hitsall3 - HitsAll2 2.750 18.118 9.059 0.781
Rock3 - Rock2 14.758 14.479 7.240 0.134
Litter3 - Litter2 0.993 6.854 3.427 0.791
Bare3 - Bare2 -18.665 29.521 14.761 0.295
SqRtFor3 - SqRtFor2 0.255 1.986 0.993 0.814
Cohort 3- 1
HitsAll3 – Hitsall1 7.518 11.002 5.501 0.266
Rock3 – Rock1 15.083 15.743 7.871 0.151
Litter3 – Litter1 -20.253 13.623 6.811 0.059
Bare3 – Bare1 -2.415 28.814 14.407 0.878
SqRtFor3 – SqRtFor1 0.263 1.869 0.934 0.797
Sig. (2-
tailed)
Std. 
Deviation
Std. Error 
Mean
Mean
Variable
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8). Increases in tree species were seen from 1953-2016 in all clusters except for C3, 
which decreased by four hits. Forb cover was absent in all clusters except for C4, 
where it increased from 0.33 hits in 1972 to one hit in 2016. Grass cover decreased 
from the 1971 cohort to the 2014 cohort in all clusters; the largest decrease 
occurred in C3 (-6 hits). Canopy cover for succulent species fluctuated across the 
allotment, ranging from 0.33 to five hits.  Cluster 3 consistently had less cover 
across all classes of vegetation in the 2014 cohort (-81.61%; -10.34 hits); however, 
the total percent of cover increased over time by 63.16% (40 hits) across the 
allotment. 
Table 6. Average percent cover includes basal area and overhanging cover of all 
vegetative classes per cluster. 
 
Species Richness 
Species richness data was only available in the second and third cohorts 
(Table 10) therefore the 1953 cohort was excluded from the analysis. The data 
shows an increase in unique species over time (Figure 7) within the 150-ft plot. The 
average increase across the allotment was approximately 112%, with growth ranging 
from 78% on C3 to 131% in C21. Further analysis of species composition revealed 
that invaders were the most frequently intercepted in all cohorts. A list of the unique 
species, separated by class, found in the 1971 and 2014 cohorts is located in 
Appendix D-1. There are some discrepancies when interpreting mean and total data 
from C2 in the 2014 cohort due to incomplete measurements. On average, the 
                                                          
1
 Cluster 2 data in the 2014 cohort were missing total values from transects two and three. 
1971 2016 1980 1980 2014 1972 2016 
Shrub 8.33 12.67 5.00 21.00 0 0 6.00 31.00 
Tree 9.67 10.67 9.00 10.00 4.00 0 0 3.00 
Forb 0 0 0 0 0 0 0.33 1.00 
Grass 2.33 1.00 0.33 0 6.67 0.67 3.33 0.33 
Succulent 5.00 5.00 0.67 5.00 2.00 1.67 0.67 0.33 
Total 25.33 29.33 15.00 36.00 12.67 2.33 10.33 35.67 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 
 016  
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number of unique species increased by 15.67 hits from the 1971 cohort (14 species) 
to the 2014 cohort (29.67 species). The percentage of unique individuals within 
assigned vegetation classes in the 1971 cohort was 57% invaders, 19% increasers, 
and 24% decreasers. The 2014 cohort had 71% invaders, 11% increasers, and 18% 
decreasers (Table 11).  
 
Figure 7. Species Richness. The total number of unique species, averaged from hit 
and dot data, across respective cluster.  
Frequency 
Frequency data was collected as the total number of vegetation hits along the 
three 100-point transects collectively. C1 and C3 displayed increases after 
measurements in the 1953 cohort, and decreases in the 2014 cohort. On the 
contrary, C22 and C4 decreased after the first measurement, and both exhibited 
increases in the 2014 cohort. The following proportions of species are listed as the 
percentage observed across the entire cluster in the respective cohort (Appendix G). 
In C1, the 1953 cohort had a total of 13 basal hits, curly mesquite (2%) and 
brittlebush (1%) being the most commonly intercepted. The remaining 1.33% was 
comprised of fairy duster, cholla, prickly pear, and graythorn (Ziziphus obtusifolia). 
                                                          
2
 Cluster 2 data in the 2014 cohort were averaged from one hundred points due to missing transect data. 
1
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Basal hits increased from 13 to 75 in the 1971 cohort; the three dominant species 
were range ratany (8%), prickly pear (5%), and Palo Verde (9%). There were traces 
of curly mesquite, jojoba, three awn, and brittlebush. Basal hits dropped to 36 in the 
2014 cohort, with range ratany making up 5%, and opuntia and brittlebush tied at 
2%. Other species present in the final cohort made up less than 10% of the cluster; 
this included jojoba, curly mesquite, and cholla. 
In C2, the 1953 cohort had 46 basal hits and was dominated by flattop 
buckwheat (Eriogonum fasciculatum) (7%), and mesquite (2.7%).  Sideoats grama 
and jojoba were 3%, while less than 3% was comprised of fairy duster, ephedra, and 
catclaw. The 1971 cohort dropped to 45 basal hits, and it was predominantly catclaw 
acacia (7%), mesquite (2%), and shrubby buckwheat (2%). Jojoba and fairy duster 
both accounted for 1.33%, and 1% was composed of sideoats grama and opuntia. 
Total hit data was missing from the 2014 cohort and only averages were used in 
comparisons, however, a mean percentage calculated suggests that there were 
about 10% more hits on basal vegetation than seen in the previous cohort. Both 
jojoba (9%) and catclaw (7%) were the most frequently intercepted. Other species 
intercepted included range ratany (3%), prickly pear (2%), hopseed bush (3%), and 
yucca (1%).  
Cluster 3 averaged 25 basal hits; overall, it had the fewest hits of the four 
clusters. There were 28 total basal hits in the 1953 cohort, curly mesquite dominated 
(9%), and the only other interception was one hit on brittlebush. Basal hits increased 
to 40 in the 1971 cohort, however there were decreases in curly mesquite hits (7%). 
Increases were seen in Palo Verde (4%), and cholla (2%). The 2014 cohort only had 
seven total basal hits between prickly pear (1%), curly mesquite (0.67%), and cholla 
(0.33%). 
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Cluster 4 averaged 63.33 basal hits, the highest percentage seen across the 
allotment; this is largely due to 110 hits recorded in the final measurement. The 
1953 cohort had 48 total interceptions, and it was dominated by scrub oak (6.33%), 
curly mesquite (2.33%), brittlebush (1.67%), and desert broom (Baccharis 
sarothroides) (2%). Less than 4% comprised of range ratany, flattop buckwheat, 
broom snakeweed, and catclaw acacia. The 1971 cohort was largely composed of 
scrub oak (4.67%) and curly mesquite (3.33%). The remaining 2.67% consisted of 
globemallow, broom snakeweed, buckwheat, and agave. The 2014 cohort had large 
increases in scrub oak (13.67%), Emory oak (2.33%), jojoba (6.67%), shrubby 
buckwheat (5.0%), and catclaw acacia (3.0%). The final 5.67% included sugar 
sumac, Wright's deervetch, spiny hackberry, barrel cactus, globemallow, broom 
snakeweed, fairy duster, and sideoats grama. 
Precipitation 
Measurements in the first two cohorts primarily took place between January 
and March of the respective years; therefore, the prior year’s precipitation data was 
of interest. Annual rainfall in 1953 was 8.15 inches lower than the three-year sliding 
average (Figure 8; Appendix H); however, C1 was read in January of 1953 following 
approximately 17 inches of annual precipitation. Summer rainfall remained similar 
from 1952-1953 (1953: 2.34 in.; 1952: 2.11 in.), but October- December accounted 
for about 38% of the annual rainfall in 1952.  
Annual precipitation in 1971 matched the three-year sliding average, and 
58% of it occurred in the growing season, however no precipitation was recorded in 
1972 prior to the reading of C4 in March. In 1980, clusters two and three were read 
in March and January respectively. Only 15% of the annual rainfall (1.85 in) in 1979 
took place in the growing season, but about 10.6 inches (84.2%) fell within the first 
three months of 1980 prior to measurements of C2. 
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Near average rainfall (10.49 in) was measured in 2013, 37.6% fell during the 
growing season. Summer rainfall accounted for 77% of the 2014 totals, however, 
85% of the annual total fell after sampling was completed. The years following 
showed a steep decline in summer rainfall, 12% of the annual total in 2015 and 30% 
in 2016, but overall above average totals. 
Precipitation records at the Mormon Flat Dam began in the 1930s. 
Assessment of this data concluded that current climatic conditions show a significant 
drop in average precipitation (p= 0.022) in the last 30 years. The decline suggests 
that ten year averages are about six inches lower from the 1980s to the 2000s. 
Averages between 2010 and 2017 suggest that the ten-year average is increasing 
(Figure 9). 
DISCUSSION 
In this study, vegetative changes across the Superstition allotment showed an 
overall decrease in bare soil over time, and an increase in perennial basal hits. 
Canopy cover increased by 40 hits, as frequency of shrubs became more abundant in 
the final cohort. Only three perennial grass species were present within the clusters, 
and average frequency and cover decreased over time. Aside from canopy cover, one 
of the largest increases measured was that of species richness, which indicated an 
average increase of 14.67 unique species from the 1971 cohort to the 2014 cohort. 
Although many of the new species recorded were classified as invaders, all basal and 
canopy hits recorded to species were classified as native to the study site. Visual 
inspection of matched photo points between cohorts showed record of permanent 
land formations and the changing vegetation at the sites. The most noticeably 
consistent species observed across clusters were the Palo Verde and prickly pear 
species. Additionally, the presence of the annual and invasive red brome is 
documented by photographs as early as the 1953 readings, and continues to be 
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present throughout the duration of this study. Many aspects of the Parker 3-Step 
may not be applicable in all range types, however, photo points may always be used 
to make comparisons of the landscape and plot over time. 
Rangeland Response: Rest versus Grazing 
Studies analyzing the effects of livestock grazing in upper Sonoran Desert 
habitats are scarce; this is of particular interest because species that are 
characteristic of upland Sonoran Desert plant communities did not evolve over time 
under heavy grazing regimes (Milchunans 2006). While similar studies have taken 
place within grassland communities where palatable forage and browse species have 
historically been grazed by ungulates such as the bison, the Sonoran Desert differs 
because of its dominant shrub and succulent vegetation community (Olsson et al., 
2012). For example, Brady et al. (1989) conducted a study to determine the 
response of semi desert grasslands to 16 years of rest from cattle grazing. Their 
findings complemented mine; concluding that there were increases in total 
vegetative cover and species richness after livestock were removed. Cover for all 
species increased by 56 hits (192%), and species richness increased by 41 species 
(186%) from 1969 to 1984, while my results showed increases of 40 hits (63.16%), 
and 15.67 species (112%) accordingly from 1971 to 2014 cohorts. However, 
comparisons such as this may yield dissimilar results because many Sonoran desert 
species utilize Crassulacean acid metabolism (CAM) photosynthesis to conserve 
water and cope with periods of long-term drought (Dimmit 1985). As a result, these 
species are typically slower growing and do not respond in the same way as many 
grass species which are the emphasis of other grazing studies. 
Blydenstein et al. (1957) evaluated the effects of 50 years of livestock 
protection in southern Arizona. Although this study also took place in the Sonoran 
desert, it was a creosote (Larrea tridentata) dominated portion found in lower 
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elevations. I was able to confirm similar findings with the occurrence of new species, 
but my frequency results differed. Blydenstein et al. (1957) had a higher frequency 
of species in measurements taken after the allotment was rested; the growth was 
primarily due to perennial grasses and triangle bur ragweed (Ambrosia deltoidea).  
Although my data showed an overall increase in frequency across the allotment after 
it was rested, it showed decreases in frequency of species on two of the four clusters 
measured. Perennial grasses decreased with each measurement, and growth was 
predominantly observed in jojoba, oak, catclaw acacia, and hopseed bush.  
Teague and Dowhower (2003) hypothesized that continual grazing versus 
pasture rotation systems across similar rangelands in the rolling plains of north-
central Texas would change vegetation and bare ground dynamics. Because the 
Superstition allotment was continually grazed without pasture boundaries, the similar 
findings between our studies confirm the effects that heavy grazing pressure may 
have, as it leads to deterioration and replacement of well-established perennial 
grasses with less robust or annual species, and then ultimately transitioning to bare 
ground. Their results showed that the pasture rotation treatment yielded higher 
basal areas in perennial species, with less bare ground than the continually grazed 
site. Although my study did not take basal area measurements, there was a 17.19% 
increase on all perennial hits after complete rest from grazing in addition to a  
-42.59% decrease in bare ground hits. 
Matched Photo Points 
In C1, recruitment of succulent species such as prickly pear and cholla are 
higher in the latter two cohorts in T1 and T2. The 1954 photo is missing for T3 and 
therefore, only comparisons between the 1971 and 2014 cohorts could be made, 
however, prickly pear recruitment continues to be noticeably higher in the 2014 
cohort. The only photos on file for the first transect at C2 were very hard to analyze 
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because of the poor quality of the photographs taken in 1953. I was unable to 
complete T2 or T3, and therefore, it is difficult to make visual comparisons at this 
site. Red brome appears more robust in C3 in the last two cohorts, which may 
account for the lack of basal hits seen at this cluster. Aside from red brome, prickly 
pear and cholla also appear to increase in numbers over time. 
 Photo points may also be used to verify that the correct starting points were 
used for each transect by confirming the matching permanent features between 
cohorts. In the final measurement for C4, I was unable to locate all of the angle irons 
used to mark the points along the transects. Photo point comparisons verified that I 
likely misrepresented this cluster. On occasion the angle irons are no longer present, 
making it difficult to locate the exact transect when GPS points are not available. The 
plot photo for the 2014 cohort has a large rock in the photo that did not appear in 
the previous two cohorts, and the landscape photo suggests I may be slightly too far 
up hill. I was likely within 50-feet of the original transect, however this minor 
inconsistency may skew my results slightly when making comparisons, especially 
due to changing microhabitats which may occur along different aspects and 
outcroppings. 
Species Status 
Species richness was derived from a total of 300 individual species at each 
cluster in the last two cohorts. The average number of unique species was 
determined to increase over time, by approximately 112% over the entire allotment. 
However, the invader status assigned to many species endemic to the upper Sonoran 
desert effected the vegetation rating score given in the traditional Parker 3-Step 
analysis. Although trend scores increased from the 1971 cohort to the 2014 cohort, 
trend ratings based on these values ranged from very poor to fair across all the 
clusters in both cohorts. These trend ratings are assigned based on the species 
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palatability to livestock, while ignoring ecological factors involved with their 
presence. This inadvertently gives lower scores to sites that have invader species 
present. Of the 23 species classified as invaders in appendix D-1, 21 were 
categorized as native to the study site, and the remaining two could not be 
confirmed because they were only recorded to genus. 
Response within Different Biotic Communities 
My findings did not reveal any significant differences between canopy cover 
throughout the allotment (Table 2), however, the biotic community did effect ground 
cover significance when comparing the 1953 cohort to the 1971 cohort. Although the 
allotment is predominantly upper Sonoran desert, it hosts pockets of interior 
chaparral at higher elevations. A significant difference of means was observed for 
litter from the 1953 cohort to the 1971 cohort, however, when the allotment was 
broken down into interior chaparral versus upper Sonoran desert communities, the 
only significant difference occurred in bare soil found exclusively within the Upper 
Sonoran desert community (Table 4). These differences may be validated by the 
variances typically observed within the two biotic communities, however in this 
instance it appears that the bare ground hits in C2 remained constant between 
measurements, while the other clusters saw large increases between the two 
cohorts. This outlier occurred in interior chaparral and may have caused the 
difference of means to be too small to be considered significant. This outcome is 
therefore likely a result of low sample size, because insufficient evidence may 
account for the inability to produce statistically significant differences in the factors 
that were analyzed (Fay and Gerow 2013). The experiment may have failed to detect 
a difference between two means because in order to compensate for low sample 
sizes, the difference of means would have to be quite large to produce a P-value 
below the critical threshold.  
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Noticeable differences were seen between the two biotic communities during 
the analysis of frequency data. Although the 1953 cohort had to be excluded from 
some analyses performed in this study, frequency data allowed for interpretation of 
the changes in number of species across all cohorts, displaying differences between 
grazed years and rested years. In C1 and C3, frequency increased after the first 
cohorts measurements, then decreased after the second cohorts measurements. In 
contrast, C2 and C4 decreased after the first cohort, and increased after the second 
cohort. Frequency results were interpreted as the total percent seen across each 
cluster. 
C1 and C3 were in the upper Sonoran desert community, where the most 
commonly intercepted species was curly mesquite in the 1953 cohort. However, in 
the subsequent measurements, curly mesquite declined progressively and the 
vacancies were occupied by range ratany, prickly pear, and palo verde in the 1971 
cohort; two species increased after grazing was ceased which were brittle bush and 
cholla. One of the more difficult observations to explain is the low recruitment seen 
in C3 in the 2014 cohort. Frequency decreased progressively over time, resulting in 
only the recruitment of cholla after the allotment was rested. 
C2 and C4 had more variation between sites, but were none the less 
indicative of an interior chaparral community. In the first two measurements, scrub 
oak and curly mesquite were the most prevalent in C4, and flattop buckwheat and 
mesquite were most common in C2. As time progressed, there was an 18 point 
increase (6.67%) in catclaw acacia and a 15 point decrease (-68.18%) in buckwheat 
frequency in C2. Additionally, the trace occurrence of sideoats grama dwindled even 
lower in the second cohort. By the time the third cohort was measured, catclaw had 
dropped 13 points (65%), and this was complemented by increases in jojoba and 
hopseed bush. Hits on oak fell slightly in the 1971 cohort, only to increase to more 
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than three times that amount in the final measurement. Jojoba, shrubby buckwheat, 
and catclaw also showed noticeable increases after the allotment was rested. The 
changes in vegetation within this allotment may be explained by the theory that 
higher frequencies of shrubs and succulents such as catclaw acacia, cholla, hopseed 
bush, prickly pear, and triangle bur ragweed may be due to the removal of 
herbaceous forage species as a result of continuous heavy grazing (NRCS 2007). 
Assessing Climax Plant Communities 
I consulted the NRCS ecological site description (ESD) listed as Volcanic Hills 
10-13” (NRCS  007), which provided an understanding of the potential climax 
community of my study area (Table 9). The potential plant community has canopy 
cover consisting of 10-25% perennial grasses and forbs, 5-15% shrubs, and 5-15% 
trees and saguaro. The dominant plant community is considered to be shrubs, 
succulents, and trees, with only small amounts of perennial grasses and forbs. Cover 
data across the Superstition allotment falls shy in the forb and grass category, while 
shrub and tree cover remain close to the potential plant community thresholds. 
Aspect at the four cluster locations may cause slight variations from the potential 
climax community because microclimate plays a large role in species composition. 
However, shrub cover in the 2014 cohort increased approximately three times the 
amount measured in the 1971 cohort, while herbaceous vegetation decreased, which 
is indicative of encroachment of woody species after removal of herbaceous forage. 
Using averaged data from the three cohorts, I was able to compare the 
samples chronologically to interpret increases and decreases in soil coverage across 
the allotment to those expected according to the ESD. The ESD suggests historical 
soil surface coverage is as follows in table 9. Basal hits were consistently higher than 
the ESD over the duration of the study. Rock fell below the threshold in the 1953 and 
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1971 cohorts, litter remained inside the ESD values, and bare was slightly over the 
threshold the 1953 and 2014 cohorts, and excessively higher in the 1971 cohort. 
Climate Conditions 
In an arid landscape such as the Superstition allotment, productivity is 
strongly dependent on precipitation, and because I did not measure an adjacent 
control site, differentiating climatic effects from grazing variables is difficult. Due to 
the remote nature of the clusters on the allotment, caution must be used to interpret 
precipitation data (Ruyle and Dyess, 2010). The data collected at the Mormon Flat 
weather station represented the precipitation records presented in this study, 
however the amount of actual rainfall at specific cluster sites may differ, because 
precipitation records may not capture the large degree of spatial variability 
(Browning and Archer 2011). A noticeable increase in rock hits were encountered 
following the 1971 cohort, and as a result there were fewer litter hits and higher 
amounts of rock, which may be an indication of drought conditions. Additionally, the 
effects of severe drought are known to reduce cover in perennial grasses and forbs 
to less than one percent (NRCS 2007), however, studies have also shown some 
species experience high recruitment during drought periods (Bowers and Turner 
2002). 
Although there was approximately average precipitation conditions in the 
years leading up to the 1971 cohort’s measurements, present day precipitation 
conditions indicate a significantly lower average rainfall in my study area than 
historically recorded (Figure 9). There was over 40 years of changing precipitation 
cycles until the 2014 cohort measurements were taken, and it is therefore difficult to 
determine the effect drought had on growth and recovery because a onetime 
assessment may be biased due to interannual variability in arid ecosystems (Hank et 
al. 2014). It is important to include precipitation data when analyzing vegetation 
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data, however in this instance there are not enough samples to draw a valid 
conclusion as to how precipitation influenced regrowth. 
Management Implications 
Rangeland health scores derived by the Parker 3-Step method rely heavily on 
species composition values. Because this method assigns statuses to individual 
species based on palatability to livestock, the output may be skewed to only show 
findings relating rangeland health to palatability, disregarding the other factors 
involved with the overall health of that community. The main discretion I 
encountered when using the Parker 3-Step in a Sonoran desert community was that 
many native plant species are categorized with an invader status because they are 
not palatable to livestock. However, unpalatable cactus species such as prickly pear 
and cholla are representative of a healthy desert rangeland community. Discretion 
must be used when analyzing species composition data to avoid wrongfully assigning 
decreased rangeland health due to an increase in invader species.  
The use of moderate grazing as a management practice on rangelands will 
assist in maintaining forage stands, but only when used at proper rates. Data 
gathered in these studies were prominently from rolling plains and semi-desert 
grassland communities, leaving only a few studies to look at the impacts brought 
upon in arid rangelands. It is increasingly important to understand the effects of 
livestock grazing in arid environments due to the lack of long-term studies conducted 
in such life zones. Furthermore, southwestern deserts have varying biotic and abiotic 
factors that create an amalgam of environmental conditions, which contribute to 
their ever-changing responses to rangeland management practices. 
Therefore, I find it important when evaluating the ecosystem health to make 
judgements, not based on the composition value rating given by the scorecards, but 
rather by vegetative class composition. This area contains an abundance of species 
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and a mosaic of different life zones, which include pockets of interior chaparral. It is 
therefore likely that the range’s response would vary from site to site. This mosaic is 
unique to the Superstition allotment and an approach that only considers exclusion 
or removal of livestock on southwestern ranges in order to benefit range conditions 
may be detrimental to not only western culture and communities, but also the 
overall health of the ecosystem. Understanding the impacts and response to 
livestock grazing in the Sonoran desert will maximize management of these areas for 
both the ecological health of the rangelands and rural economies. 
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Table 1. The three cohorts along with date that the clusters were measured. 
   
Cohort 1 Cohort 2 Cohort 3
1953 Cohort 1971 Cohort 2014 Cohort
C1 1/14/1953 C1 10/8/1971 C1 11/5/2016
C2 1/28/1954 C2 3/28/1980 C2 5/18/2016
C3 2/3/1954 C3 1/30/1980 C3 4/11/2014
C4 2/11/1954 C4 3/30/1972 C4 4/4/2016
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Table 2. Soil coverage results from the paired-sample t-test for significant difference 
of means. The mean differences between variables within the corresponding cohorts 
are reported along with standard deviation, standard error, and significance values. 
 
  
Cohort 2-1
HitsAll2 - HitsAll1 4.760 11.290 5.645 0.461
Rock2 - Rock1 0.325 14.584 7.292 0.967
Litter2 - Litter1 -21.245 9.294 4.647 0.020
Bare2 - Bare1 16.250 12.369 6.185 0.078
SqRtFor2 - SqRtFor1 0.008 1.253 0.627 0.991
Cohort 3-2
Canopy3 - Canopy2 10.075 16.957 8.478 0.320
Hitsall3 - HitsAll2 2.750 18.118 9.059 0.781
Rock3 - Rock2 14.758 14.479 7.240 0.134
Litter3 - Litter2 0.993 6.854 3.427 0.791
Bare3 - Bare2 -18.665 29.521 14.761 0.295
SqRtFor3 - SqRtFor2 0.255 1.986 0.993 0.814
Cohort 3- 1
HitsAll3 – Hitsall1 7.518 11.002 5.501 0.266
Rock3 – Rock1 15.083 15.743 7.871 0.151
Litter3 – Litter1 -20.253 13.623 6.811 0.059
Bare3 – Bare1 -2.415 28.814 14.407 0.878
SqRtFor3 – SqRtFor1 0.263 1.869 0.934 0.797
Sig. (2-
tailed)
Std. 
Deviation
Std. Error 
Mean
Mean
Variable
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Table 3. Soil coverage results from paired-sample t-test for significant difference of 
means on clusters two and four: Interior Chaparral Life Zone. The mean differences 
between variables within the corresponding cohorts are reported along with standard 
deviation, standard error, and significance values. 
 
  
Cohort 2-1
HitsAll2 - HitsAll1 -2.830 3.356 2.500 0.461
Rock2 - Rock1 8.650 2.333 1.650 0.120
Litter2 - Litter1 -20.655 15.111 10.685 0.304
Bare2 - Bare1 15.000 21.213 15.000 0.500
Sq_Forage2 - Forage1 -0.735 0.587 0.415 0.327
Cohort 3-2
Canopy3 - Canopy2 23.665 3.302 2.335 0.063
Hitsall3 - HitsAll2 17.500 10.607 7.500 0.258
Rock3 - Rock2 19.850 5.869 4.150 0.131
Litter3 - Litter2 -0.680 1.386 0.980 0.614
Bare3 - Bare2 -37.000 15.556 11.000 0.184
Sq_Forage3 -Forage2 1.855 0.997 0.705 0.321
Cohort 3- 1
Hitsall3 - HitsAll1 14.670 7.538 5.330 0.209
Rock3 - Rock1 28.500 3.536 2.500 0.056
Litter3 - Litter1 -21.335 16.497 11.665 0.319
Bare3 - Bare1 -22.000 5.657 4.000 0.114
Sq_Forage3 - Forage1 1.120 1.584 1.120 0.500
Mean Std. 
Deviation
Std. Error 
Mean
Sig. (2-
tailed) Variable
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Table 4. Soil coverage results from paired-sample t-test for significant difference of 
means on C1 and C3: Upper Sonoran desert. The mean differences between 
variables within the corresponding cohorts are reported along with standard 
deviation, standard error, and significance values.  
 
 
  
Cohort 2-1
HitsAll2 - HitsAll1 12.350 11.809 8.350 0.378
Rock2 - Rock1 -8.000 18.851 13.330 0.656
Litter2 - Litter1 -21.835 5.424 3.835 0.111
Bare2 - Bare1 17.500 1.655 1.170 0.042
SqForage2 - SqForage1 0.750 1.471 1.040 0.602
Cohort 3-2
Canopy3 - Canopy2 -3.515 10.628 7.515 0.721
Hitsall3 - HitsAll2 -12.000 1.414 1.000 0.053
Rock3 - Rock2 9.665 22.154 15.665 0.648
Litter3 - Litter2 2.665 11.307 7.995 0.795
Bare3 - Bare2 -0.330 32.060 22.670 0.991
SqForage3 - SqForage2 -1.345 0.771 0.545 0.245
Cohort 3- 1
Hitsall3 - HitsAll1 0.350 10.394 7.350 0.970
Rock3 - Rock1 1.665 3.302 2.335 0.606
Litter3 - Litter1 -19.170 16.730 11.830 0.352
Bare3 - Bare1 17.170 30.406 21.500 0.571
SqForage3 - SqForage1 -0.595 2.242 1.585 0.771
Variable
Mean Std. 
Deviation
Std. Error 
Mean
Sig. (2-
tailed)
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Table 5. Paired-samples t-test of unstandardized forage hits. 
  
Cohort 2-1
Forage2 - Forage1 -0.4175 6.47429 3.23715 0.906
Cohort 3-2
Forage3 - Forage2 4.1700 12.8646 6.4323 0.563
Cohort 3-1
Forage3 -Forage1 3.7525 11.5917 5.79583 0.563
Sig. (2-
tailed)
Std. Error 
Mean
Std. 
DeviationMeanVariable
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Table 6. Average percent cover includes basal area and overhanging cover of all 
vegetative classes per cluster. 
 
1Averaged from one transect; missing data from T2 and T3. 
  
1971 2016 1980 1980 2014 1972 2016 
Shrub 8.33 12.67 5.00 21.00 0 0 6.00 31.00 
Tree 9.67 10.67 9.00 10.00 4.00 0 0 3.00 
Forb 0 0 0 0 0 0 0.33 1.00 
Grass 2.33 1.00 0.33 0 6.67 0.67 3.33 0.33 
Succulent 5.00 5.00 0.67 5.00 2.00 1.67 0.67 0.33 
Total 25.33 29.33 15.00 36.00 12.67 2.33 10.33 35.67 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 
 016  
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Table 7. Average Percent Cover for shrub species at each cluster. Cluster 3 was 
omitted because all values were zero. 
 
1Averaged from one transect; missing data from T2 and T3. 
  
1971 2016 1980 1972 2016
Jojoba 0.33 4.00 1.33 12.00 0 7.00
Brittlebush 0.33 2.67 0 0 0 0
Ratany 7.67 5.33 0 6.00 0 0
Ocotillo 0 0.67 0 0 0 0
Fairyduster 0 0 1.33 0 0 0.67
Buckwheat 0 0 2.33 0 0.33 5.00
Hopbush 0 0 0 3.00 0 0.67
Oak 0 0 0 0 4.67 16.00
Broom Snakeweed 0 0 0 0 1.00 0.33
Hackberry 0 0 0 0 0 0.33
Sugar Sumac 0 0 0 0 0 1.00
Total 8.33 12.67 4.99 21.00 6.00 31.00
Common Name
Cluster 1 Cluster 2 Cluster 4
 016  
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Table 8. Average Percent Cover for tree species at each cluster. 
 
1Averaged from one transect; missing data from T2 and T3. 
 
 
 
 
  
1971 2016 1980 2016¹ 1980 2016 1972 2016
Acacia 0 0.67 6.67 10.00 0 0 0 3.00
Blue Palo Verde 0 0 0 0 4.00 0 0 0
Yellow Palo Verde 9.67 10.00 0 0 0 0 0 0
Mesquite 0 0 2.33 0 0 0 0 0
Total 9.67 10.67 9.00 10.00 4.00 0 0 3.00
Cluster 1 Cluster 2 Cluster 4Cluster 3
Common Name
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Table 9. Ecological Site Description of soil coverage and Superstition Allotment 
values. 
   
Basal 1-9% 11.25 16.00 18.75
Rock 35-95% 26.5 67.75 41.42
Litter 5-65% 34.67 13.42 14.67
Bare 5-25% 27.58 43.83 25.17
Variable ESD Cohort 1 Cohort 2 Cohort 3
42 
 
Table 10. Total and average hits and dots by species class for Cohort 2 (1971 
cohort). 
  
Unique Decreaser 3.33
Unique Increaser 2.67
Unique Invader 8
Total Unique
Average Total 14
Cluster 1
3
9
5
2
2
1971
Cluster 2 Cluster 3 Cluster 4
4.33
13
7
2
4
1980
1
Average
1980
3
9
6
2
3.67
11
6
1972
Cohort 2
2
3
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Table 11. Total and average hits and dots by species class for Cohort 3 (2014 
cohort). 
 
1Averaged from one transect; missing data from T2 and T3. 
  
Unique Decreaser 5.33
Unique Increaser 3.33
Unique Invader 21
Total Unique
Average Total 29.67
Cohort 3
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Average
2016
6.33 10 5.33 8
1 1 1 5
16 6 14 15
19 10 16 24
2016¹ 2014 2016
2 3 1 4
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Figure 1. Northern Sonoran desert regions. Dark-shaded areas indicate Arizona 
Upland Subdivision; lighter-shaded areas indicate the Lower Colorado River 
Subdivision (McAuliffe and Van Devender 1998). 
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Figure 2. Location of the Superstition Grazing Allotment within the Tonto National 
Forest in Arizona. 
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Figure 3. Location of clusters and biotic communities on the Superstition Allotment 
within the Tonto National Forest in Mesa, Arizona. 
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Figure 4. Landscape view near C1 (top) in Sonoran desert biotic community. C4 
(bottom) in interior chaparral biotic community.  
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Figure 8. Sample Transect Design and Arrangement. Sample transect design (top); 
completed three times in one cluster. A sample arrangement of transects (bottom). 
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Figure 6. All perennial species located within a 150’ x 50’ block must be recorded on 
data sheet. 
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Figure 7. Species Richness. The total number of unique species, averaged from hit 
and dot data, across respective cluster from the 1971 cohort to the 2014 cohort.  
1 Cluster 2 data in the 2014 cohort were averaged from one hundred points due to 
missing transect data. 
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Figure 9. Annual precipitation totals at Mormon Flat Dam. 
 
Figure 9. Ten year precipitation averages from Mormon Flat Dam.
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APPENDIX A 
PARKER 3-STEP DATA AND SUMMARY SHEETS 
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Appendix A-1. Front of Parker 3-Step score sheet.  
Cluster No.:   Allotment/Pasture:
Transect No.: Date: Observers:
Previous Date Read: UTM Coordinates (Datum NAD83):
  DOT TALLY
1 2 3 4 5 6 7 8 9 10 Species Dots Hits Total
0 0
11 12 13 14 15 16 17 18 19 20 0 0
0 0
0 0
21 22 23 24 25 26 27 28 29 30 0 0
0 0
0 0
31 32 33 34 35 36 37 38 39 40 0 0
0 0
0 0
41 42 43 44 45 46 47 48 49 50 0 0
0 0
0 0
51 52 53 54 55 56 57 58 59 60 0 0
0 0
0 0
61 62 63 64 65 66 67 68 69 70 0 0
0 0
0 0
71 72 73 74 75 76 77 78 79 80 0 0
0 0
0 0
81 82 83 84 85 86 87 88 89 90 0 0
0 0
0 0
91 92 93 94 95 96 97 98 99 100 0 0
0 0
0 0
Totals 0 0 0
    Summary of Hits:    Soil Rating:
Forage Vigor:      Vigor Measurements
Hits, All Plants 0 Bare Soil Score: Plant Spp. Spp.
Rock (R) 0 Soil Disturbance Factor: NumberHeight Height
Litter (L) 0 Total: Spp. 
Bare Ground(B) 0 Stability Rating: Apparent Vegetation 1
Total 0 Soil Trend: Trend: 2
3
No. Decreasers Stake Location: 4
No. Increasers 5
No. Invaders 6
No. Cool Season Height of Stake: 7
8
T: 9
R: Height of Tape on Stake: 10
S: Avg. #### ####
Topo:
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Appendix A-2. Back of Parker 3-Step score sheet. 
  
Cluster: 0 Trans.: 1
Photo of 3 x 3 Plot: (Placement should be at 3.5" mark on tape) Entered into INFRA:
INFRA Code:
Date: Location (Taken from over the 0.0 stake or 99.5 stake)
Photo of General View:
Date: Location (Taken from over the 0.0 stake or 99.5 stake) Azimuth:
            Diagram of 3 x 3 Plot
    (Include all perennial vegetation, rooted or cover, within plot) Spp. within 3 x 3 Plot: Other Spp. within 50' x 150' Plot:
Diagram Key:
Diagram of Cluster Location (include roads, washes, stream, mtn's., etc.) Transect Location/Orientation:
Directions/Comments:
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Appendix A-3. Parker 3-Step Summary Sheet. Includes total hits and range trend 
scores. 
APPENDIX B 
DESCRIPTION OF HABITAT VARIABLES AND PARKER 3-STEP SCORING 
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TRANSECT INTERCEPT VARIABLES 
 
Overstory 
The overhanging vegetation of a shrub or tree that covers at least half of the 
loop within 4.5 ft. above the loop. 
 
Hit 
Basal hit on any species of perennial vegetation (Increaser, decreaser, or 
invader) that covers at least half of the loop. 
 
Rock 
A rock that occupies at least half of the loop. 
 
Litter 
Any litter >0.5 inches that occupies at least half of the loop. 
 
Bare 
Bare soil makes up at least half of the loop. 
 
Forage Hits  
Basal hit on forage species only (Increaser and Decreasers) that covers at 
least half of the loop.  
 
Dot 
When ground cover was not a basal hit of a perennial plant, then the nearest 
perennial was recorded and allocated a dot. 
 
Species richness 
Determined by the presence of any unique species that were recorded as line 
hits or dots across respective clusters. 
 
Growing Season 
Summer; monsoon rainfall July-September. 
 
Vegetative cover  
The total number of times a plant species is recorded as either a hit, dot, or 
overstory within a transect. 
 
Vegetation condition score 
Represents the percentage remaining of the original or optimum vegetation. 
The lower the score the greater departure from climax or potential vegetation. [Add 
values derived for composition, forage, frequency, and vigor] 
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PLANT STATUS 
Increaser: The species that increase as decreasers diminish. Often less 
palatable than decreasers. These types of plants may possess physiological 
mechanisms to assist in their recovery from grazing. 
 
Decreaser: Preferred plant species that often lack the physiological 
mechanisms to recover from grazing. They may be continually defoliated during the 
growing season due to their palatability; often the first to die out.  
 
Invaders: Most poisonous or noxious plants and other low value forage. An 
invader species generally means a species that is not present in the climax 
community. However, for this study, invaders are defined as species not palatable to 
livestock in accordance to the Parker 3-Step methodology. 
 
 
WEIGHTED VARIABLES 
Component Percent 
Composition 54 
Forage Frequency Index 36 
Vigor 10 
 
Vegetation Composition 
The principle criterion on which range condition is based. Plant species are 
ecologically classified into groups according to the manner in which they respond to 
grazing or disturbance as decreasers, increasers and invaders (statuses).  
 
Forage Frequency Index (FFI) 
The occurrence of perennial forage plants as determined from hits along a 
transect line. It is measured by hits inside a ¾ inch loop within the root crown areas 
of grasses, perennial forbs, and within the periphery of the live perennial crown of 
shrubs (under 4.5 ft in height). Current annual growth is ignored. The FFI is based 
on the average number of hits on increaser and decreaser species. 
 
Vigor  
An indicator of the condition of a plant and its ability to produce or survive. A 
change in vigor is generally the first indication of change in range condition and is 
more readily detected than a change in composition.  
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DESCRIPTION OF SUMMARY SCORES 
 
Addition of Decreasers, Increasers, and Invaders across each row (transect) 
are added up respectively and the sum is typed in the Allowable Composition 
column. The average of the total allowable composition is taken and this value is 
then multiplied by a coefficient from the forest service handbook (USFS 1998) as 
seen below, and all three plant statuses are added: 
 
Decreasers (x2) + Increasers (x1/4) + Invaders (-1) = Average allowable comp.  
 
This total is then used to reference a scorecard in the forest service handbook 
(43.1- ). Use the value from calculated above (total) as the Cluster’s average 
allowable composition value and match it to the corresponding rating on the 
scorecard. 
 
Forage Frequency Index score is determined by averaging the hits on 
increaser and decreaser species across all transects within one cluster and 
referencing the forage frequency index score card associated with the site (pine 
bunchgrass, pinyon juniper, and semi-desert grassland/desert shrub). For example, 
Semi-desert grassland and desert shrubs is scorecard C found on table 43.1-4. 
 
Vigor is measured every ten feet for a total of 10 measurements per species 
(choose 1-3 desirable grass species prominent throughout the cluster). Measure the 
longest leaf found on each plant from root crown to the tip of the leaf. Determine the 
average leaf length of each species measured for each transect and record it. Only 
on perennial increaser or decreaser species. 
 
Bare Soil score is taken on each transect, it uses the total number of bare soil 
hits on a single transect and corresponds to a value from the Erosion Hazard table on  
43.2-2 (EX: 12 bare soil hits on a transect gives an Bare Soil Score of 35). To get the 
Erosion Hazard Index, take the average of the bare soil scores from the three 
transects (x/100 + y/100 + z/100)= EHI. 
 
The Soil Disturbance Factor is based on an ocular examination and estimate of 
conditions in the soil Disturbance rating guide. The average rating for the three 
transects is entered in the current erosion space of the summary. 
 
Excellent 50-41 
Good 40-31 
Fair 30-21 
Poor 20-11 
Very Poor <10 
 
The Soil Score is the sum of the erosion Hazard and Current erosion averages added 
together in the summary sheet. 
  
100-81 Excellent 
80-61 Good 
60-41 Fair 
40-21 Poor 
20-0 Very poor 
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ECOLOGICAL CONDITION RATINGS 
Vegetation ratings are based the sum of Forage Cover Index, Composition, and 
Vigor. Soil stability ratings are based on the sum of Erosion Hazard, Current Erosion, 
and Soil Condition Score. 
 
Rating Condition Ecological 
Condition 
81-100 Excellent High 
61-81 Good High 
61-60 Fair Moderately High 
21-40 Poor Moderately Low 
0-20 Very Poor Low 
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APPENDIX C 
HISTORICAL CLIMAX PLANT COMMUNITY  
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Appendix C-1. Historical Climax Plant Community (NRCS 2007). 
  
Grass/Grasslike
Common Symbol Scientific Name
Dominant short grasses
slender grama BORE2 Bouteloua repens
curly mesquite HIBE Hilaria belangeri
slim tridens TRMU Tridens muticus
Dominant mid grasses
desert needlegrass ACSP12 Achnatherum speciosum
cane beardgrass BOBA3 Bothriochloa barbinodis
sideoats grama BOCU Bouteloua curtipendula
Arizona cottontop DICA8 Digitaria californica
tanglehead HECO10 Heteropogon contortus
bush muhly MUPO2 Muhlenbergia porteri
tobosa PLMU3 Pleuraphis mutica
Miscellaneous perennial grasses
Havard's threeawn ARHA3 Aristida havardii
purple threeawn ARPU9 Aristida purpurea
Parish threeawn ARPUP5 Aristida purpurea var. parishii
Wright's threeawn ARPUW Aristida purpurea var. wrightii
spidergrass ARTE3 Aristida ternipes
black grama BOER4 Bouteloua eriopoda
blue grama BOGR2 Bouteloua gracilis
hairy grama BOHI2 Bouteloua hirsuta
red grama BOTR2 Bouteloua trifida
fluffgrass DAPU7 Dasyochloa pulchella
fall witchgrass DICO6 Digitaria cognata
squirreltail ELELE Elymus elymoides 
spike pappusgrass ENDE Enneapogon desvauxii
prairie Junegrass KOMA Koeleria macrantha
common wolfstail LYPH Lycurus phleoides
Hall panicgrass PAHA Panicum hallii
big galleta PLRI3 Pleuraphis rigida
muttongrass POFE Poa fendleriana
large-spike bristlegrass SEMA5 Setaria macrostachya
southwestern bristlegrass SESC2 Setaria scheelei
plains bristlegrass SEVU2 Setaria vulpiseta
sand dropseed SPCR Sporobolus cryptandrus
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Forb
Common name Symbol Scientific name
Parasites
largeseed dodder CUIN Cuscuta indecora
mesquite mistletoe PHCA8 Phoradendron californicum
Dominant perennial forbs
orange Indianmallow ABIN Abutilon incanum
dwarf Indianmallow ABPA3 Abutilon parvulum
pink perezia ACWR5 Acourtia wrightii
San Felipe dogweed ADPO Adenophyllum porophylloides
trailing four o'clock ALIN Allionia incarnata
slimleaf bursage AMCO3 Ambrosia confertiflora
narrowleaf silverbush ARLA12 Argythamnia lanceolata
Louisiana sagewort ARLU Artemisia ludoviciana
perennial rockcress ARPE2 Arabis perennans
shrubby ayenia AYMI Ayenia microphylla
Arizona carlowrightia CAAR7 Carlowrightia arizonica
California suncup CACA32 Camissonia californica
desert larkspur DEPA Delphinium parishii
barestem larkspur DESC Delphinium scaposum
bluedicks DICA14 Dichelostemma capitatum
Euphorbia EUPHO Euphorbia
cockroachplant HACR3 Haplophyton crooksii
Coulter hibiscus HICO Hibiscus coulteri
slender janusia JAGR Janusia gracilis
longflower tube tongue JULO3 Justicia longii
Parry's false prairie-clover MAPA7 Marina parryi
lacy tansyaster MAPIP4 Machaeranthera pinnatifida 
rough menodora MESC Menodora scabra
wishbone-bush MILAV Mirabilis laevis
Parry penstemon PEPA24 Penstemon parryi
yerba de venado POGR5 Porophyllum gracile
desert senna SECO10 Senna covesii
desert globemallow SPAM2 Sphaeralcea ambigua
brownplume wirelettuce STPA4 Stephanomeria pauciflora
Louisiana vetch VILUL2 Vicia ludoviciana 
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Shrub/Vine
Common name Symbol Scientific name
Dominant low shrubs
orange Indianmallow ABIN Abutilon incanum
Pringle threeseed mercury ACCA3 Acalypha californica
rayless goldenhead ACSP Acamptopappus sphaerocephalus
triangle bursage AMDE4 Ambrosia deltoidea
sweetbush bebbia BEJU Bebbia juncea
Coulter brickellbush BRCO Brickellia coulteri
bigleaf brickellbush BRFL Brickellia floribunda
rough brickellbush BRMIS Brickellia microphylla var. scabra
false mesquite CAER Calliandra eriophylla
ragged rockflower CRBI2 Crossosoma bigelovii
Sonoran croton CRSO Croton sonorae
white brittlebush ENFA Encelia farinosa
flattop buckwheat ERFA2 Eriogonum fasciculatum
turpentine bush ERLA12 Ericameria laricifolia
desert yellow fleabane ERLI Erigeron linearis
shrubby buckwheat ERWR Eriogonum wrightii
starry bedstraw GAST Galium stellatum
broom snakeweed GUSA2 Gutierrezia sarothrae
Coulter hibiscus HICO Hibiscus coulteri
range ratany KRER Krameria erecta
white ratany KRGR Krameria grayi
yerba de venado POGR5 Porophyllum gracile
whitestem paperflower PSCO2 Psilostrophe cooperi
Mexican bladdersage SAME Salazaria mexicana
Mojave sage SAMO3 Salvia mohavensis
rock sage SAPI2 Salvia pinguifolia
woody crinklemat TICAC Tiquilia canescens var. canescens
California trixis TRCA8 Trixis californica
toothleaf goldeneye VIDE3 Viguiera dentata
Parish's goldeneye VIPA14 Viguiera parishii
Mojave woodyaster XYTOT Xylorhiza tortifolia var. tortifolia
desert zinnia ZIAC Zinnia acerosa
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Succulents 
Common Symbol Scientific Name
desert agave AGDE Agave deserti
Schott agave AGSC3 Agave schottii
saguaro CAGI10 Carnegiea gigantea
buck-horn cholla CYAC8 Cylindropuntia acanthocarpa
Arizona pencil cholla CYAR14 Cylindropuntia arbuscula
teddybear cholla CYBI9 Cylindropuntia bigelovii
jumping cholla CYFUF Cylindropuntia fulgida 
Christmas cactus CYLE8 Cylindropuntia leptocaulis
staghorn cholla CYVE3 Cylindropuntia versicolor
sotol DAWH2 Dasylirion wheeleri
Engelmann hedgehog cactus ECEN Echinocereus engelmannii
redspine fishhook cactus ECER2 Echinomastus erectocentrus
pinkflower hedgehog cactus ECFA Echinocereus fasciculatus
Leding's hedgehog cactus ECLE2 Echinocereus ledingii
rainbow cactus ECPE Echinocereus pectinatus
spinystar ESVIV Escobaria vivipara 
Leconte's barrel cactus FECYL Ferocactus cylindraceus 
Emory barrel cactus FEEM Ferocactus emoryi
fishhook barrel cactus FEWI Ferocactus wislizeni
fishhook pincushion cactus MAGR9 Mammillaria grahamii
little fishhook cactus MATH Mammillaria thornberi
beavertail pricklypear OPBA2 Opuntia basilaris
dollarjoint pricklypear OPCH Opuntia chlorotica
Engelmann pricklypear OPEN3 Opuntia engelmannii
purple pricklypear OPMA8 Opuntia macrocentra
tulip pricklypear OPPH Opuntia phaeacantha
Santa Rita pricklypear OPSA Opuntia santa-rita
senita cactus PASC14 Pachycereus schottii
organpipe cactus STTH3 Stenocereus thurberi
banana yucca YUBA Yucca baccata
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Dominant large shrubs
Common Symbol Scientific Name
whitethorn acacia ACCO2 Acacia constricta
catclaw acacia ACGR Acacia greggii
mintbush lippia ALWR Aloysia wrightii
spiny hackberry CEEH Celtis ehrenbergiana
desert ceanothus CEGR Ceanothus greggii
alderleaf mountain-mahogany CEMO2 Cercocarpus montanus
Mexican crucillo COWA Condalia warnockii
Ephedra EPFA Ephedra fasciculata
Nevada Mormon tea EPNE Ephedra nevadensis
cliff fendlerbush FERU Fendlera rupicola
New Mexico forestiera FOPUP Forestiera pubescens 
ocotillo FOSP2 Fouquieria splendens
snapdragon penstemon KEANM Keckiella antirrhinoides 
creosote bush LATRT Larrea tridentata 
Anderson wolfberry LYAN Lycium andersonii
Berlandier wolfberry LYBE Lycium berlandieri
Arizona desert-thorn LYEX Lycium exsertum
red barberry MAHA4 Mahonia haematocarpa
wait-a-bit MIACB Mimosa aculeaticarpa
pygmy-cedar PESC4 Peucephyllum schottii
Mexican cliffrose PUME Purshia mexicana
turbinella oak QUTU2 Quercus turbinella
sugar sumac RHOV Rhus ovata
skunkbush sumac RHTR Rhus trilobata
jojoba SICH Simmondsia chinensis
Ferns and fern allies
lipfern CHEIL Cheilanthes
cloak fern NOTHO Notholaena
cliffbrake PELLA Pellaea
Arizona spikemoss SEAR2 Selaginella arizonica
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Miscellaneous shrubs
Common Symbol Scientific Name
whitestem milkweed ASAL Asclepias albicans
horsetail milkweed ASSU2 Asclepias subverticillata
fourwing saltbush ATCA2 Atriplex canescens
desert saltbush ATPO Atriplex polycarpa
shortleaf baccharis BABR Baccharis brachyphylla
yerba de pasmo baccharis BAPT Baccharis pteronioides
desert broom baccharis BASA2 Baccharis sarothroides
mouse's eye BEMY Bernardia myricifolia
copal BUFA Bursera fagaroides
Arizona carlowrightia CAAR7 Carlowrightia arizonica
Las Animas nakedwood COCA18 Colubrina californica
knifeleaf condalia COSP3 Condalia spathulata
hopseed bush DOVI Dodonaea viscosa
Tahitian kidneywood EYOR Eysenhardtia orthocarpa
desert lavender HYEM Hyptis emoryi
sangre de cristo JACA2 Jatropha cardiophylla
chuparosa JUCA8 Justicia californica
Goodding's tansyaster MAPIG2
lacy tansyaster MAPIP4
Arizona mimosa MIDIL Mimosa distachya var. laxiflora
Schott's yellowhood NISC Nissolia schottii
Ajo Mountain scrub oak QUAJ Quercus ajoensis
arrow poision plant SEBI9 Sebastiania bilocularis
Lemmon's ragwort SELE8 Senecio lemmonii
Arizona rosewood VACA5 Vauquelinia californica
graythorn ZIOB Ziziphus obtusifolia
Trees
Common Symbol Scientific Name
Canotia CAHO3 Canotia holacantha
ironwood OLTE Olneya tesota
foothill palo verde PAMI5 Parkinsonia microphylla
velvet mesquite PRVE Prosopis velutina
Machaeranthera pinnatifida 
var. gooddingii
Machaeranthera pinnatifida 
var. pinnatifida
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APPENDIX D 
PLANTS IDENTIFIED ON THE SUPERSTITION ALLOTMENT 
 
 
  
74 
 
Appendix D-1. Classification of species encountered in the Superstition Allotment. An 
asterisk (*) indicates native classification is species dependent. Parenthesis indicate 
invader classification should be given after a predetermined threshold is reached in 
accordance with the USFS 1998 handbook. 
 
 
 
Common Name Symbol Scientific Name
Classification
Decreaser
Bluestem ANDRO Andropogon spp.
Sideoats Grama BOCU Bouteloua curtipendula
Mountain Mahogany CEMO Cercocarpus montanus
Prairie Junegrass KOMA Koeleria macrantha
Ratany KRAM Krameria spp.
Mallow MALV Malva spp.
Jojoba SICH Simmondsia chinensis
Squirrel Tail ELEL Elymus elymoides
Increaser
Unknown Apla-2 -
Three Awn ARIS Aristida spp.
Slender grama BORE Bouteloua repens
Indian Paintbrush CALI Castilleja linearis
Shrubby buckwheat ERWR Eriogonum wrightii
Curly Mesquite HIBE Hilaria belangeri
Beargrass NOMI Nolina michrantha
Emory Oak QUER Quercus emoryi
Sonoran Scrub Oak QUTU Quercus turbinella
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Common Name Symbol Scientific Name
Invader
Common Name Symbol Scientific Name
Catclaw ACGR Acacia greggii
Agave AGAVE Agave spp.
Three-awn ARIS (Aristida spp.)
Milkvetch ASTRA Astragalus*
Baccharis BACCH Baccharis spp.
Blue Palo Verde PAFL Parkinsonia Florida
Hackberry CELT Celtis spp.
Spiny Hackberry CEEH C. ehrenbergiana
Hopseed bush DOVI Dodonaea viscosa
Brittlebush ENFA Encelia farinosa
Goldenbush ERIC Ericameria spp.
Barrel Cactus FERO Ferocactus spp.
Broom Snakeweed GUSA Gutierrezia sarothrae
Curly mesquite HIBE (Hilaria belangeri)
Wright's deervetch LOWR Lotus wrightii
Wolfberry LYCIU Lycium*
Pricklypear OPUN Opuntia spp.
Beavertail cactus OPBA O. basilaris
Buckhorn cholla CYAC Cylindropuntia acanthocarpa 
Night Blooming Cereus PEGR Peniocereus greggii
Mesquite PROS Prosopis spp.
Sugar Sumac RHOV Rhus ovata
Globemallow SPHA Sphaeralcea spp.
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APPENDIX E 
SHAPIRO WILK TEST FOR NORMALITY OF SOIL COVERAGE DATA 
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Appendix E-1. The Shapiro-Wilk Test of Normality: Testing the assumption of 
independent observation and normal distribution of the dependent variable. 
Significance values < 0.05 were considered significant. 
 
  
Tests of Normality
Statistic df Sig.
Canopy Cover 0.933 8 0.54
Hits- All Plants 0.929 8 0.511
Rock 0.901 8 0.297
Litter Ground 0.858 8 0.115
Bare Ground 0.88 8 0.188
Hits- Forage Plants 0.804 8 0.032
Variable
Shapiro-Wilk
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Appendix E-2. Distribution of unstandardized values for forage plants. 
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Appendix E-3. Linear plot of unstandardized values for forage plants. 
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Appendix E-4. The Shapiro-Wilk Test of Normality output after standardizing Forage 
hits. 
 
  
Statistic df Sig.
Canopy Cover 0.933 8 0.54
Hits- All Plants 0.929 8 0.511
Rock 0.901 8 0.297
Litter Ground 0.858 8 0.115
Bare Ground 0.88 8 0.188
Forage_Standarized 0.929 8 0.507
Variable
Shapiro-Wilk
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Appendix E-5. Distribution of standardized values for forage plants. 
82 
 
 
Appendix E-6. Linear plot of standardized values for forage plants. 
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APPENDIX F 
HITS AND DOTS BY SPECIES CLASS 
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Appendix F-1. Summarized hit and dot species in all years measured. 
 
1Averaged from one transect; missing data from transects 2 and 3. 
  
1971 2016 1980 2016¹ 1980 2014 1972 2016
Unique Decreaser 2 2 4 3 1 1 3 4
Unique Increaser 2 1 2 1 2 1 2 5
Unique Invader 5 16 7 6 6 14 6 15
Total Unique 9 19 13 10 9 16 11 24
Average Total 3 6.33 4.33 10 3 5.33 3.67 8
Species 
Classification
Cluster 1 Cluster 4Cluster 3Cluster 2
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APPENDIX G 
FREQUENCY DATA 
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Appendix G-1. Total and average species frequency in cluster 1. 
  
Cohort 1 Cohort 2 Cohort 3
Jojoba 0 1 2
Ratanty 0 25 14
Curly Mesquite 6 5 3
Three Awn 0 2 0
Fairy duster 1 0 0
Cholla 1 0 3
Prickly Pear 1 15 7
Palo Verde 0 26 0
Brittlebush 3 1 7
Graythorn 1 0 0
Total 13 75 36
Average 4.3% 25.0% 12.0%
Common Name Cluster 1
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Appendix G-2. Total and average species frequency in cluster 2.  
 
1Incomplete total values due to missing T2 and T3 data; averages out of one 
hundred points. 
  
Cohort 1 Cohort 2 Cohort 3¹
Sideoats grama 4 1 0
Ratany 0 0 3
Jojoba 5 4 9
Shrubby buckwheat 0 7 0
Flattop buckwheat 22 0 0
Ephedra 1 0 0
Fairy duster 4 4 0
Catclaw Acacia 2 20 7
Prickly Pear 0 2 2
Mesquite 8 7 0
Hopseed Bush 0 0 3
Yucca 0 0 1
Total 46 45 25
Average 15.3% 15.0% 25.0%
Cluster 2Common Name
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Appendix G-3. Total and average species frequency in cluster 3. 
  
Cohort 1 Cohort 2 Cohort 3
Curly Mesquite 27 20 2
Unknown (Apla-2) 0 2 0
Palo Verde 0 12 0
Prickly Pear 0 6 4
Cholla 0 0 1
Brittlebush 1 0 0
Total 28 40 7
Average 9.3% 13.3% 2.3%
Common Name Cluster 3
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Appendix G-4. Total and average species frequency in cluster 4. 
 
 
  
Cohort 1 Cohort 2 Cohort 3
Ratany 4 0 0
Jojoba 0 0 20
Sideoats Grama 0 0 1
Shrubby Buckwheat 0 0 15
Flattop Buckwheat 1 1 0
Curly Mesquite 7 10 0
Scrub Oak 19 14 41
Emory Oak 0 0 7
Fairy Duster 0 0 2
Broom Snakeweed 4 4 1
Globemallow 0 1 3
Catclaw Acacia 2 0 9
Barrel Cactus 0 0 1
Spiny Hackberry 0 0 1
Wright's deervetch 0 0 3
Brittlebush 5 0 0
Sugar Sumac 0 0 3
Desert Broom 6 0 0
Ragwort 0 0 3
Agave 0 2 0
Total 48 32 110
Average 16.0% 10.7% 36.7%
Cluster 4Common Name
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Appendix G-5. Total and average species frequency. 
 
 
  
Total Average Total Average Total Average
Cluster 1 13 4.3% 75 25.0% 36 12.0%
Cluster 2 46 15.3% 45 15.0% 25 25.0%
Cluster 3 28 9.3% 40 13.3% 7 2.3%
Cluster 4 48 16.0% 32 10.7% 107 36.7%
Total 44.9% 64.0% 76.0%
Cohort 1 Cohort 2 Cohort 3
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APPENDIX H 
PRECIPITATION DATA 
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Appendix H-1. Western regional climatic center precipitation, Mormon Flat dam. 
  
1950 8.15 4.14 -- 1983 22.08 8.57 17.90
1951 17.63 6.69 12.89 1984 21.37 9.92 20.16
1952 17.17 2.11 14.32 1985 14.73 5.34 19.39
1953 5.18 2.34 13.33 1986 15.34 5.22 17.15
1954 15.70 9.94 12.68 1987 9.18 1.01 13.08
1955 17.70 11.26 12.86 1988 12.81 3.80 12.44
1956 5.09 1.63 12.83 1989 10.54 3.24 10.84
1957 15.73 2.61 12.84 1990 15.94 6.21 13.10
1958 11.61 4.98 10.81 1991 16.83 1.65 14.44
1959 18.28 4.51 15.21 1992 27.72 9.27 20.16
1960 10.15 3.76 13.35 1993 24.17 4.11 22.91
1961 8.92 3.62 12.45 1994 11.39 1.49 21.09
1962 7.88 1.53 8.98 1995 9.93 2.09 15.16
1963 15.43 6.99 10.74 1996 4.16 1.77 8.49
1964 11.62 5.29 11.64 1997 6.29 0.02 6.79
1965 19.56 2.91 15.54 1998 2.20 1.00 4.22
1966 11.34 5.32 14.17 1999 4.16 3.51 4.22
1967 15.55 4.67 15.48 2000 10.41 2.60 5.59
1968 13.91 5.05 13.60 2001 12.86 3.54 9.14
1969 13.89 5.30 14.45 2002 4.02 1.11 9.10
1970 10.95 6.04 12.92 2003 8.32 1.14 8.40
1971 12.24 7.04 12.36 2004 9.62 3.25 7.32
1972 17.99 2.65 13.73 2005 10.84 1.89 9.59
1973 8.80 1.42 13.01 2006 12.16 8.37 10.87
1974 13.00 4.07 13.26 2007 14.30 3.38 12.43
1975 11.15 4.48 10.98 2008 19.52 6.17 15.33
1976 10.44 4.47 11.53 2009 7.14 1.52 13.65
1977 10.53 5.45 10.71 2010 20.00 6.62 15.55
1978 28.02 4.50 16.33 2011 9.61 2.52 12.25
1979 12.34 1.79 16.96 2012 11.83 7.01 13.81
1980 12.57 2.66 17.64 2013 10.49 3.95 10.64
1981 14.58 4.76 13.16 2014 13.74 10.00 8.27
1982 17.04 5.98 14.73 2015 9.01 1.09 7.33
2016 7.51 2.19 6.34
Annual 
Precip
Year
Three 
Year 
Average
Jul-Sep
Annual 
Precip
Year
Three 
Year 
Average
Jul-Sep
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APPENDIX I 
PHOTOGRAPHS FROM PARKER 3-STEP DESIGNATED PHOTO POINTS 
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Figure I-1. C1 T1. Close up (left) and landscape (right) photography. Row 1: 
1/14/1954, row 2: 10/8/1971, row 3: 11/5/2016. 
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Figure I-2. C1 T2.Close up (left) and landscape (right) photography. Row 1: 
1/14/1954, row 2: 10/8/1971, row 3: 3/31/12*. Row 3 was missing photos for 2016 
measurements. 
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Figure I-3. C1 T3. Close up (left) and landscape (right) photography. Row 1: 
1/14/1954, row 2: 10/8/1971, row 3: 3/31/12*. Row 3 was missing photos for 2016 
measurements. 
  
 
 
Missing 1/14/1954 
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Figure I-4. C2 T1. Close up (left) and landscape (right) photography. Row 1: 
1/27/1954, Missing: 3/28/1980*, row 3: 5/16/2016. 
 
 
  
 
 
*Missing photos from 3/28/1980 
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Figure I-5. C2 T2. Close up (top) and landscape (bottom) photography. Row 1: 
1/27/1954. No other photo points were on file. 
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Figure I-6. C2 T3. Close up (top) and landscape (bottom) photography. Row 1: 
1/28/1954. No other photo points were on file. 
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Figure I-7. C3 T1. Close up (left) and landscape (right) photography. Row 1: 
2/3/1954, row 2: 1/3/1980, row 3: 4/19/13. 
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Figure I-8. C3 T2. Close up (top) and landscape (bottom) photography 1/3/1980. 
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Figure I-9. C3 T3. Close up (left) and landscape (right) photography. Row 1: 
2/3/1954, row 2: 1/3/1980, row 3: 4/19/13. 
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Figure I-10. C4 T1. Close up (left) and landscape (right) photography. Row 1: 
2/11/1954, row 2: 3/30/1972, row 3: 4/4/2016. 
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Figure I-11. C4 T2. Close up (plot) and landscape photography. Row 1: 2/11/1954, 
row 2: 3/30/1972, row 3: 4/4/2016. 
 
 
  
 
*Missing photo from 3/30/72 
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Figure I-12. C4 T3. Close up (plot) and landscape photography. Row 1: 2/11/1954, 
row 2: 3/30/1972, row 3: 4/4/2016. 
 
